REMARKS/ ARGUMENTS 

A substitute specification is being filed in order to conform 
with U.S. practice. Headings have been added to the specification. 
Spelling and grammatical errors have also been corrected. The 
substitute specification contains no new matter. Amendments have 
been made to the claims to remove the multiple dependencies and an 
abstract has been added. An early action on the merits is 
respectfully requested. 

If any additional fees are required in connection with this 
case, it is respectfully requested that they be charged to 
Deposit Account No. 02-0184. 
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SUBSTITUTE SPECIFICATION WITH MARKINGS 

Locking device for vehicles, in particular for aircraft 



[0001] The invention relates to a locking device for vehicles, 
in particular for aircraft having an actively driven drive 
element with an input drive shaft and an output drive shaft 
connected directly or indirectly to it. 

[0002] Conventionally, locking devices are known which lock and/or 
unlock doors, aircraft doors or the like by means of a motor 
element, followed by a complex transmission element and redundant 
mechanical springs connected to it. Locking devices such as these 
form a security mechanism and mechanically operate appropriate 
safety bolts or the like in response to appropriate signals. 
Conventional locking devices have the disadvantage that they are 
very heavy, complex to manufacture and require intensive maintenance 
for their operation. Furthermore, in some cases, they are 
unreliable, which is undesirable. Furthermore, they require a large 
installation area which is likewise undesirable, with a very high 
natural weight . 

[0003] The US 6,310,455 Bl discloses a positioning and actuating 
drive which operates with a DC electric motor. In this case, a rotor 
is mounted coaxially in a stator such that it can rotate, and drives a 
transmission. In this case, the transmission and the motor have 
corresponding associated position angle sensors, motor angle sensors, 
which identify and determine the position exactly. 

[0004] The present invention is thus based on the object of providing 
a locking device of the type mentioned initially, which overcomes the 
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stated disadvantages and by means of which the reliability and the 
operability of the locking devices are intended to be significantly 
improved. A further aim is to save manufacturing costs and maintenance 
costs, while reducing the natural weight. 

SUMMARY OF THE INVENTION 

[0005] The f caturco — af — patent — claimo 1 — and — 2 — have — led — fee — thio 
object being is achieved by providing a locking device for 
vehicles, in particular for aircraft, having an actively driven 
drive element with an input drive shaft and an output drive shaft 
connected directly or indirectly to it, characterized in that the 
input drive shaft or the output drive shaft has at least one 
associated permanent magnet which interacts with at least one 
further external stationary element, in particular a permanent 
magnet . 

[0006] The present invention, a drive element is, for example, in 
the form of an electric motor, but may also be of a pneumatic, 
hydraulic or electromechanical type. The present invention is not 
restricted to this. 

[0007] In this case, the present invention has been found to be 
particularly advantageous for this purpose, in particular in order to 
improve the reliability, to provide a magnetically operated resetting 
for the output drive shaft or the input drive shaft to a rest or safe 
position in the event of a failure or if the drive element is 
switched off, which rest or safe position can be selected. The 
locking device is thus preferably formed from two components, with an 
active drive element and a passive part, which are coupled to one 
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another. The passive part is formed from two permanent magnets, with 
one permanent magnet being connected to the input and/or output drive 
shaft, and the other permanent magnet being firmly connected to the 
housing. The two permanent magnets preferably engage with one 
another, so that, particularly in the event of failure of the drive 
element, the input or output drive shaft can automatically be 
mechanically moved to a safe position. The drive element can move the 
input drive shaft or the output drive shaft to different, selectable 
angles, which can be set precisely, up to 360° with respectto stops 
or hard stops which are not illustrated here. If the active drive 
element is deactivated, then the passive permanent magnets ensure 
that the shaft output or the output drive shaft is moved back to 
its original initial position. The two permanent magnets in the 
passive part are preferably in the form of a stator and rotor, 
with a magnetic resetting torque being produced between them. 
This contributes considerably to the security and reliability of 
the locking device in operation, in particular for aircraft 
doors . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Further advantages, features and details of the invention 
will become evident from the following description of preferred 
exemplary embodiments and from the drawing, in which: 
[0009] Figure 1 shows a schematically illustrated longitudinal 
section through a locking device according to the invention for 
vehicles; 

[0010] Figure 2 shows a schematically illustrated longitudinal 
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section through a further exemplary embodiment of a locking device 
as shown in figure Figure 1; and 

[0011] Figure 3 shows a schematically illustrated longitudinal 
section through a further exemplary embodiment of the locking 
device as shown in figure Figure 2 . 

DETAILED DESCRIPTION 

[0012] As is shown in Figure 1, a locking device Rx according to 
the invention for vehicles, in particular for aircraft, has a 
housing 1 which, in the present exemplary embodiment, is subdivided 
by means of a partition wall 4 into a first part 2 and a second 
part 3. A drive element 5, preferably in the form of an electric 
motor, is connected to an input drive shaft 6 within the first part 
2 of the housing 1. The input drive shaft 6 is mounted by means of 
bearings 7. In the preferred exemplary embodiment, the active part 
of the drive element 5, which is preferably in the form of an 
electrically powered motor, is located within a cylindrical inner 
wall 8 of the housing 1. However, the scope of the present 
invention is also intended to cover at least partially, a rotary 
movement of the input drive shaft 6 the active use of pneumatically 
or hydraulically powered motor elements. 
[0013] The present invention is not restricted to this. 
[0014] Following the input drive shaft 6, a transmission element 9 
is connected in the second housing part 3 to the drive element 5, 
in particular to the input drive shaft 6. The transmission element 
9 is preferably in the form of an epicyclic transmission with a sun 
wheel and sun wheels. The output drive shaft 10 is connected to the 
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transmission element 9. Particularly for the locking device Ri, the 
output drive shaft 10 is pivoted about an axis A to selectable 
specific angles in order to operate corresponding locking elements, 
which are not illustrated here, with a slide or the like. By way of 
example, if the drive element 5 fails, for example as a result of a 
power failure or failure of a hydraulic pump, then it is important 
in the case of the present invention for the output drive shaft 10 
to move back to its original initial position in order to ensure a 
specific locking state. For this purpose, in the case of the 
present invention, it has been found to be particularly 
advantageous for an inner permanent magnet 11 to be associated with 
the output drive shaft 10, and to be firmly seated on the output 
drive shaft 10. A further permanent magnet 12 is firmly connected 
to the housing 1 within the cylindrical inner wall 8, located 
axially at approximately the same height. A gap S is formed between 
the permanent magnet 11 and the permanent magnet 12 . 
[0015] At least one permanent magnet 11 (and preferably a number 
of permanent magnets 11) is or are radially distributed and is or 
are permanently associated with the output drive shaft 10, and this 
or these interacts or interact with at least one passive outer 
permanent magnet 12 on the housing 1. By way of example, if the 
drive element 5 fails or is switched off, then the magnetic flux 
between the permanent magnets 11 and 12 rotates the output drive 
shaft 10 back to a selectable rest or safe position and, by way of 
example, secures a lock on an aircraft door or the like. 
[0016] Furthermore, it is intended to be within the scope of the 
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present invention for elements composed of metal or the like, which 
then interact with the permanent magnets 12, to be arranged on the 
input drive shaft 6 and/or on the output drive shaft 10 instead of 
on the permanent magnets 11. 

[0017] This allows the reliability, in particular the 
operational reliability, of locking devices to be considerably 
improved . 

[0018] In a further exemplary embodiment of the present invention, 
figure 2 shows a locking device R 2 in which the locking device R 2 is 
formed from components comprising a housing 1, a drive element 5, 
an input drive shaft 6 and an output drive shaft 10. There is no 
transmission element 9 in this exemplary embodiment. In this case, 
the input drive shaft 6 and the output drive shaft 10 coincide. In 
the present exemplary embodiment, at least one permanent magnet 11 
can be associated directly with the drive element 5, in particular 
the input drive shaft 6 and the output drive 10, and interacts with 
at least one radially aligned outer permanent magnet 12, which is 
associated with the cylinder inner wall 8, in the manner described 
above, in order, for example, to move the input drive shaft 6 and 
the output drive shaft 10 back to a selectable safe or initial 
position in the event of failure of the drive element 5. In this 
case, it is also intended to be within the scope of the present 
invention for the permanent magnet 12 and/or 11 to be a component 
of the drive element 5 . 

[0019] The exemplary embodiment of the present invention in 
figure 3 shows a locking device R 3 in which the permanent magnets 
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11 and 12 are connected upstream of or precede the drive element 

5, merely in comparison to the exemplary embodiment shown in 
figure 2 . 

[0020] It is also intended to be within the scope of the present 
invention for at least one sensor 13 to be provided in order to 
identify limit positions of the input and/or output drive shafts 

6, 10. Stop elements or the like, which are not illustrated here, 
can be provided in order to limit the rotary movement of the 
input drive shaft 6 and/or output drive shaft 10. 
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